A total synthesis of annonacin (1) was accomplished by using versatile chiral building block 2 for synthesizing the mono-tetrahydrofuran (THF) annonaceous acetogenins.
The annonaceous acetogenins, which are endemic to certain plants of the Annonaceae, are of great interest, especially due to their unique structural features and such significant biological properties as cytotoxic, antitumoral, pesticidal, anti-infective, and antifeedant activities. Biochemical studies have shown acetogenins to be the most potent inhibitors of the mitochondrial respiratory enzyme complex I (NADH-ubiquinone oxidoreductase). More than 430 compounds belonging to this family have been isolated to date, and most of them possess a THF or THP ring, hydroxyl, keto and epoxy groups, and double and triple bonds, together with a terminal ,-unsaturated -lactone unit on a C-35 or C-37 long carbon chain. [1] [2] [3] [4] Annonacin (1) is a mono-THF acetogenin which was isolated from Annona densicoma in 1987. 5) Only one example of the synthesis of 1 from a carbohydrate was reported by Wu and co-workers. 6, 7) This method can only be applied for the synthesis of the threo-trans-threo type of mono-THF acetogenins.
We have already developed a concise synthesis of solamin by using systematic and stereoselective construction of mono-THF moiety 2, without separating the undesired diastereomers. 8) Our method can be easily applied to the synthesis of various stereochemical types of the mono-THF acetogenins, including annonacin (1).
THF part 2 was synthesized from acrolein and laurylmagnesium bromide as we had prepared before in eight steps in a 50% yield.
9,10) -Lactone moiety 3 was prepared from 1,8-nonadiene by using Jacobsen's hydrolytic kinetic resolution as we have already reported. [11] [12] [13] As shown in the table, the coupling reaction of THF moiety 2 and terminal epoxide 3 was examined. When an equimolar amount of lithium acetylide of THF moiety 2 was used in the presence of 14) coupled product 4 was obtained in a low yield. We next used an excess amount of the lithium acetylide of THF moiety 2. Five equivalents of 2 gave 4 in a 78% yield. 11, 12) Using distilled BF 3 . Et 2 O was also necessary to obtain 4 in a good yield (Table 1) . Compound 4 was subjected to diimide reduction with p-TsNHNH 2 and NaOAc in ethylene glycol diethyl ether, 9) before deprotecting the TBS and MOM ether with BF 3 . Et 2 O to afford 1. All the spectral and physical data for synthetic 1 were consistent with those of the reported values (Scheme 1).
5-7)
We accomplished a convergent synthesis of annonacin (1) by using a chiral building block of threo-trans-threo type of mono-THF moiety 2. This synthetic method can be applied to the synthesis of various stereochemical types of mono-THF type annonaceous acetogenins.
Experimental
Melting point (mp) values were uncorrected, and all reactions were carried out in an Ar atmosphere. Silica gel column chromatographic separation was performed on 70-230-mesh silica gel 60.
1 H-and 13 C-NMR spectra were measured in CDCl 3 with a Bruker Avance DRX 500 FT-NMR (500 MHz) spectrometer. Mass spectra were measured by a Jeol JMS-T100LC mass spectrometer, and IR spectra were taken with a Jasco FT/IR 480 Plus infrared spectrometer.
Redistilled BF 3 . Et 2 O was purchased from Sigma-Aldrich.
. To a solution of 2 (148 mg, 0.35 mmol) in dry THF (3.0 ml) was added n-BuLi [2.76 M solution in hexane (0.15 ml, 0.40 mmol)] at À78 C in an argon gas atmosphere. After being stirred for 1 h at the same temperature, redistilled BF 3 . Et 2 O (0.10 ml, 0.35 mmol) was added, and the mixture was stirred for 30 min at À78 C. To the resulting mixture was added 3 (25 mg, 0.07 mmol) in dry THF (0.5 ml) and the mixture stirred for 2 h at À78 C. The reaction was quenched with saturated aqueous NH 4 Cl and extracted with EtOAc. The organic layer was washed with brine and dried over MgSO 4 , filtered, and concentrated.
The residue was purified by PTLC (hexane/EtOAc ¼ 3 : 1) to give 4 (43 mg, 78%) as a colorless oil. Annonacin (1) . To a solution of 4 (20 mg, 0.025 mmol) in 1,2-diethoxyethane (1 ml) was added p-TsHNNH 2 (350 mg, 1.75 mmol), and the resulting mixture was stirred for 0.5 h at 120 C. A solution of AcONa (175 mg, 2.13 mmol) in H 2 O (1 ml) was added dropwise to the mixture which was stirred at the same temperature for 4 h. The reaction was quenched with H 2 O, and the whole was extracted with AcOEt. The organic layer was washed with brine, dried over MgSO 4 , filtered, and concentrated. The residue was dissolved in dimethyl sulfide (1 ml), and a drop of BF 3 . Et 2 O was added at 0 C. After being stirred for 1 h, the reaction was quenched with saturated aqueous NaHCO 3 , and the whole was extracted with AcOEt. The organic layer was washed with brine, dried over MgSO 4 , filtered, and concentrated. The resulting residue was purified by PTLC (hexane/AcOEt ¼ 1 : 5) to give annonacin (1; 7.5 mg, 61%, 2 steps) as a colorless solid, mp 71-73 C (lit., 6) 
